Aims To assess the socio-economic distribution of comorbid depression and diabetes among the Danish workforce using national registry data.
Introduction
Workforce wellness has been identified by the International Diabetes Federation (2011) as one of the main themes in the ongoing struggle to reduce the impact of diabetes [1] . Wellbeing has different attributes, but mental well-being, or the absence thereof, is one of the main drivers of work disability [2] . As such, it is important to consider the potential impact of comorbid diabetes and depression and to determine whether this comorbidity is prevalent within the workforce and how it affects employment opportunity. Moreover, given that diabetes and depression disproportionately affects people of lower socio-economic status [3] , it is also important to determine the distribution of comorbid diabetes and depression within the working-age population. In this article, we use national registry data to focus on the socio-economic distribution of comorbid depression and diabetes among the Danish workforce.
Denmark has an extensive system for the registration of population data, where data from a variety of different registries can be linked together at an individual level [4] . This facilitates access to a very large dataset which, in light of what is already known about the consequences of comorbid diabetes and depression, can be used to provide robust evidence of the extent and social distribution of comorbid diabetes and depression.
The aim of the present study was twofold: 1) to assess the risk ratio for being prescribed antidepressants among people with diabetes compared with those without diabetes and; 2) to examine whether, and to what extent, there is a social or employment gradient in filled prescriptions of antidepressant medication among people with and without diabetes.
Research Design and Methods

Study population
Using population registers, we included all Danish adults aged between 18 and 59 years on 1 January 1996. These individuals were followed for 15 years, until 31 December 2010. We obtained data on diabetes diagnoses from the Danish National Diabetes Register [5] and on filled drug prescriptions from the Register of Medicinal Product Statistics (RMPS) [6] .
We excluded individuals who were diagnosed with diabetes before entry into the dataset (e.g. prevalent cases diagnosed before 1 January 1996 or anyone diagnosed before their 18th birthday), or who had migrated in and/or out of Denmark between 1995 and 2010. The remaining individuals were followed until 31 December 2010 or until they were aged 60 years, died, or retired, whichever occurred first.
Measures
Antidepressant prescriptions
We used filled antidepressant prescriptions as a proxy for a diagnosis of depression, using the RMPS to identify the first date on which the individual purchased prescribed antidepressants. The status of participants in our analysis was determined exclusively on the basis of their first filled prescription of antidepressants and we did not seek to investigate frequency or duration of antidepressant consumption. We defined antidepressants in accordance with the Anatomical Therapeutic Chemical classification system, and included any medication registered with the code NO6A.
Occupational status
We used each individual's highest occupational status in the study period as a proxy for socio-economic status. We obtained this information from the register-based Labour Force Statistics. We stratified job status categories in accordance with the International Labour Organization and categorized job status as follows, in order of highest level of employment: 1) highly-skilled employment; 2) executive management; 3) medium-skilled employment; 4) basic-skilled employment, 5) self-employment; 6) unskilled employment; and 7) unemployment. An individual who had been self-employed, in medium-skilled employment, and unemployed at some point during our study period would be classified as in medium-skilled employment in our dataset.
Income
We obtained the participants' gross annual income in each year from the Danish tax registers. We then adjusted their incomes in each year to 2013 price levels and identified their maximum annual income in the study period to create one income observation per individual. We used the maximum income as a further proxy of their socio-economic status.
Statistical analysis
We used Poisson regression models to estimate the risk ratios for depression among individuals with and without diabetes. We controlled for age, time in the dataset with and without diabetes, respectively, and, when calculating risk ratios for the population as a whole, sex. For the purposes of determining differences between the subgroups of men and women and people with and without diabetes we used formal interaction tests.
Results
A total of 3 434 420 individuals were included in the analysis. Of these, 98 006 individuals developed diabetes during the study period, 19 849 (20.3%) of whom subsequently filled a prescription for antidepressants. In addition, 583 649 (17.5%) of the 3 336 414 individuals who remained free of diabetes filled antidepressant prescriptions at least once during the study period (Table 1) . Men accounted for 57.8% of cases of incident diabetes in the study period. Among the population free of diabetes, men only accounted for 39.8% of cases of filled antidepressant prescriptions; however, in the population that developed diabetes, men accounted for 48.4% of cases of filled antidepressant prescriptions. It was also apparent from these data that the mean age of people with diabetes was notably higher than the mean age of the population without diabetes. This was to be expected in view of the close relationship between age and prevalence of diabetes in the population. The relationship between age and prevalence of diabetes was also apparent in the unadjusted distribution of diabetes cases in the higherincome groups, a finding that can be explained by the fact that age and income are also closely related. As will be seen in the age-adjusted analyses, however, the risk ratios What's new?
• Using a Danish national database, we showed that people with diabetes are 65% more likely to fill a prescription for antidepressants than those without diabetes.
• The increased risk of an antidepressant prescription is more marked in men with diabetes than women with diabetes.
• The increased risk of an antidepressant prescription seen in people with diabetes is more marked in people with lower incomes.
• Interventions to prevent depression after a diagnosis of diabetes may need to be targeted more toward those with low-income jobs and men in particular.
ª 2016 Diabetes UK remained significantly higher in the lower socio-economic categories.
Data stratified by income quintiles
The adjusted risk ratio for a filled antidepressant prescription among those with diabetes compared with those without was highest in the lowest income group, as shown in Table 2 . Although income level moderated the risk ratios for both men and women, the effect was less marked in men. The risk ratio was significantly lower for men in the highest income group compared with lower income groups but the risk ratios did not differ between the other income groups. The effect of income was more marked among women with diabetes; the risk ratio for a filled antidepressant prescription for a woman with diabetes was 1.89 and 1.26 in the lowest and highest income groups, respectively, compared with 1.89 and 1.64 in the lowest and highest male income groups. Formal interaction tests of men and women confirmed the sex effect, and with the exception of the lowest income group, men had a significantly higher risk of a filled antidepressant prescription (P <0.001) in all income groups than their female counterparts.
Data stratified by occupational status
Overall, individuals in basic-skilled employment and unskilled employment had significantly higher risk ratios than those in other occupations (Table 3 ). This pattern was reflected for women, although in the case of men it was only individuals in basic-skilled employment who were significantly worse than the other categories. Men had a significantly higher risk ratio than women in all occupational categories except unskilled employment. For the three largest occupational groups -basic-skilled employment, mediumskilled employment and high-skilled employment -the differences between men and women were highly significant (P ≤0.001).
Social gradient
Although the risk ratio for a filled antidepressant prescription was generally higher in the lower socio-economic categories, these findings did not address the social gradient in incidence of filled antidepressant prescriptions among people with and without diabetes, respectively. To assess this we performed a risk ratio analysis using the highest ranked categories (highest income quintile and high-skilled employment) as reference (Table 4) . Compared with highest income quintile, we observed a significantly elevated risk for filled prescriptions of antidepressants among all other quintiles in both people with and without diabetes. The effect of the social gradient, however, was attenuated in people with diabetes within certain income and occupational groups. As highlighted in Table 4 , this was particularly apparent for men in all occupational categories apart from executive management and for women in Basic and Unskilled employment.
Discussion
This study clearly indicates that comorbid diabetes and depression has a distinct social and economic differential. This was not unexpected and confirms findings from previous research, where both diabetes [7] and depression [8] [9] [10] have been significantly associated with low socioeconomic status. Recognizing this, it is important to acknowledge that, irrespective of socio-economic status, all people with diabetes filled antidepressant prescriptions to a greater extent than their socio-economic counterparts without diabetes. So while the likelihood of people with diabetes filling antidepressant prescriptions is greater among the lower socio-economic groups, the overall levels of risk for filling antidepressant prescriptions among people with diabetes are high across all socio-economic strata. The risk ratios for filling antidepressant prescriptions were more pronounced in the analysis stratified by income rather than job status. As different socio-economic markers may have a different impact at different times during an individual's life course [11] , this finding is consistent with previous work, in which income has tended to overshadow other markers of socio-economic status [8] . Nonetheless, the results stratified by occupational status are consistent with the results of the income analysis. When compared with their socio-economic counterparts without diabetes, men with diabetes were much more likely to have filled antidepressant prescriptions than women; however, more women in the general population filled antidepressant prescriptions than men and it is against this background that the results of the present study should be interpreted.
As with diabetes and depression, the relationship between depression and low income is considered to be bi-directional, with low income being both a cause and an outcome of depression [9, 10] . People with low socio-economic status are more likely to suffer depression-related work disability and such periods of work inactivity will be of longer duration and more recurrent than among people with higher socioeconomic standing [12, 13] . Diabetes and depression interact in such a way that their independent negative impacts may be compounded when in combination. Comorbid diabetes and depression is associated with increased all-cause mortality [14] , functional disability [15] , impaired diabetes self-care [16] , poor medical adherence [17] and lower quality of life [18] . A recent study has also highlighted that return to work after depression-related absence was prolonged by the presence of comorbid health conditions such as diabetes [19] .
The present study does not address the question of the causal relationship between diabetes and depression; however, the levels of risk in the present study are close to those identified in a study that reported antidepressant use before and after diagnosis of Type 2 diabetes [20] . Furthermore, one of the most comprehensive meta-analyses in this area has shown that people with undiagnosed diabetes had lower rates of depression than those with diagnosed diabetes, suggesting that knowledge of the diagnosis of diabetes affects the risk of depression [21] .
In terms of endogeneity, there is more to consider than the question of causality between diabetes and depression. Work and work environment have, for example, recently received attention as a potential risk factor for the development of [22] . At the same time, work environment is also a well-established risk factor for depression [23] . Likewise, associations between diabetes, depression and socio-economic status are also vulnerable to the problem of endogeneity, because the factors that determine whether a person achieves high occupational status or a high income may well be similar to aetiological factors for diabetes [24] and depression [10] . A limitation of the present study is that we were unable to distinguish between Type 1 and Type 2 diabetes. Elsewhere, it has been proposed that, as the physiological and psychological processes involved in the two conditions are different, analyses looking at diabetes and depression should focus exclusively on one type or the other [25] . Although this is a potential weakness, Anderson et al. [26] found that there was no significant difference between type of diabetes and the prevalence of comorbid depression; however, they noted that overall prevalence varied considerably in both types of diabetes in accordance with the means by which depression is being measured.
Using filled prescriptions of antidepressant medication as a proxy measure for depression has both advantages and disadvantages when compared with other measures.
Arguably the greatest advantage it provides in the present study is the sample size. While there is a clear difference between diagnoses of clinical depression and filling antidepressant prescriptions, using the latter as a marker for depression at least captures something of the psychopharmalogical treatment which people diagnosed with diabetes are receiving. As such, it provides a valid measure that serves to cut through debates about the distinction between depression and diabetes-related distress [27] . A limitation was that we were unable to identify people who did not seek treatment and so we do not know the extent to which people with diabetes may be receiving non-pharmacological treatment for depression. Together with the potential influence of healthcare utilisation bias, this may lead to underestimates of the actual levels of depression [12] , particularly among the socio-economic groups less inclined to seek help proactively. Conversely, because antidepressants are used to treat more than clinical depression, our data will also contain a number of false-positive cases of depression.
The distinction between depression and distress is not very important for our present purposes as the focus on antidepressants provides us with insight into the way people with diabetes are treated. Our data were exclusively from a N, Number of unique individuals. Population without diabetes were the reference group. P values when comparing risk ratios: two-sided t-tests of log-risk ratios. Calculation of risk ratios was adjusted for age, time in the dataset with and without diabetes and, when calculating for the whole population, sex.
Danish context, but we believe that, at least with respect to high-income countries, the issues arising from comorbid diabetes and depression can be extrapolated to other settings. As the data may be context-specific, one might anticipate different rates of antidepressant use in different cultures [28] and different economies [29] ; however, our findings are broadly in line with previous research. In fact, given that Denmark is an affluent country with strong welfare provision, the levels of social inequality manifest in our findings could possibly be even greater in countries where welfare provision is less extensive.
In conclusion, given the damaging consequences of comorbid diabetes and depression, not least in terms of labour market outcomes, identifying vulnerable groups is an important task. Our results, however, indicate that people with diabetes within all socio-economic classes are more vulnerable to depression or depressive symptoms, than those without. Yet, while the risk for filling antidepressant prescriptions is greater among women in the general population, the impact of diabetes in this regard is significantly more pronounced among men. Likewise, both men and women of lower socio-economic status with diabetes have higher risk ratios for filling antidepressant prescriptions than their counterparts in the general population. This highlights the particular vulnerability of these groups as the risk of filling antidepressant prescriptions is already highest among the lower socio-economic groups within the general population. Using the highest income quintile and high-skilled employment as reference we calculated the social gradient in filled antidepressant prescriptions among people with and without diabetes, respectively. N, number of unique individuals. P values when comparing risk ratios: two-sided t-tests of log-risk ratios. Calculation of risk ratios was adjusted for age, time in the dataset with and without diabetes and, when calculating for the whole population, sex.
We believe that any attempt to address the potential challenges presented by comorbid diabetes and depression in the working population must adopt an integrative, or collaborative approach [30] to the two conditions, recognizing that the management of distress and depression is as important as the management of blood glucose [27] .
In light of the economic costs associated with comorbid diabetes and depression and the notable proportion of these costs among the working age population in relation to increased work absence and reduced productivity, there is reason to suppose that proactive investment to support people in this situation would provide both economic and human returns. 
